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Received 21 January 2005; accepted 24 June 2005AbstractThe implementation of the European Water Framework Directive (WFD) will address land use issues in river
catchments in order to reduce diffuse pollution and work towards the aim of achieving good ecological status, or good
ecological potential in surface water bodies. The WFD also requires the active involvement of all interested parties in
developing the best approach to achieve its objectives. The paper demonstrates how scenario analysis can be applied to
investigate the impacts of land use changes and how stakeholder interviews can be used to evaluate the results of the
scenarios.
The study was carried out in the Havel Basin in the northeast of Germany. ‘Landscape-ecological spatial units’ were
derived from similar characteristics of soil and groundwater conditions, ground relief and inundation to enable spatial
allocation of potential land use and link different scales when describing possible changes in land use. As a ﬁrst step, in
three sub-catchments of the Havel River (distinguished by different physical characteristics) detailed surveys were
carried out to investigate the various interests of the stakeholders. The interviews were used to identify the key
problems of each area with respect to water quality and quantity and facilitated stakeholder engagement with the
catchment planning issues in the Havel River Basin. The information from the stakeholder interviews was used to
determine the initial conditions for the land use scenarios which were developed to demonstrate possible changes to
land use for achieving better water quality. The land use scenarios also were required as an input into the hydrological
modelling of their effects on water quality and to calculate their socio-economic effects. In a second survey, the results
of the scenarios and the hydrological modelling were presented to the stakeholders. The consultation process identiﬁed
the priorities of the stakeholders which could then be taken into account when developing management options.
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With the European Water Framework Directive
(WFD), the EU created a basis for comprehensivee front matter r 2005 Elsevier GmbH. All rights reserved.
no.2005.06.006
ing author.
ess: jessel@rz.uni-potsdam.de (B. Jessel).protection of surface water bodies that set ambitious
water quality targets. It is estimated that approximately
70% of nitrogen and phosphate pollution in surface
water bodies results from diffuse pollution (Behrendt
et al., 1999). The type and intensity of land use in river
catchments has a signiﬁcant impact on diffuse pollution.
Therefore, for the implementation of the WFD, it will
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water-compatible land use.
Therefore, the following problems are to be addressed
(see also Jessel, 2002): The WFD requires the formulation of River Basin
Management Plans (RBMPs) that apply to an entire
river catchment and therefore must identify coherent
and holistic management approaches to achieving
the WFD targets. Whilst developing an RBMP for
the whole catchment, which often covers a large
area, speciﬁc studies may cover a smaller scale since
the study of the processes determining the water
quality and the water balance needs to be downscaled
to the regional and local levels in order to deduce
deﬁnite measures. Therefore, methods are required to
connect the different scales to achieve the implemen-
tation of the WFD in a coherent manner (‘scale
problem’). The effects of river basin management measures on
the condition of the waters in the river catchment
need to be described as comprehensively as possible,
with respect to quality as well as quantity, in order to
evaluate their effectiveness. For an adequate justiﬁca-
tion of the programme of measures (according to
article 8 in the WFD), the measures that apply to
land use are to be transferred into a form that is
suitable for communicating to water managers. Here,
we have a ‘translation problem’: For the description
of water resources and physical systems, various
disciplines, such as water management, nature con-
servation as well as agriculture and forestry, have
different approaches. Generally, water managers
work with quantitative measures, such as water table
level or discharge. Conservationists, however, de-
scribe their targets by means of target species, their
requirements for habitats or by the characterisation
of site conditions. Therefore, it is necessary to link
land use science and water management in order to
model land use scenarios to quantitatively assess the
consequences on water quality.Fig. 1. Location of the research area (Havel River catchment,
without the Spree River) in Germany.With the ‘‘good status’’ which has to be achieved
for surface waters by 2015, the WFD sets binding
objectives. However, article 14 of the WFD also
demands the ‘‘active involvement of all interested
parties’’ in the process of its implementation. This
evokes the question of which paths are possible for
achieving this objective and which margins exist for
developing and altering actual measures. As a result
the issue of how to achieve participation is connected
with the implementation of the WFD, as participa-
tion is necessary for any good planning process.
In this context, Van der Helm (2003) states that
especially in watershed management, concepts and
methods for meaningful participation are still under-
developed.Scenario modelling can be a means to point out all
imaginable long-term consequences during the imple-
mentation of the WFD and also to exemplify these
consequences to the different stakeholders (Schmidt,
Gretzschel, Volk, & Uhl, 2004; Van der Helm, 2003). It
also allows the integration of different disciplines and
methods (Jessel, 2000). Van den Bergh et al. (2003) and
Fritsch (2003) show examples how land use scenarios
can serve as an input for the hydrological modelling.
These scenarios are commonly represented on a grid
basis. A new approach is described that is based on
physical landscape units for representing possible land
use changes and thus can be used as an input for
modelling the respective effects on water quality and
for evaluating the socio-economic effects as well as for
visualising possible consequences of the implementation
of the WFD in exemplary sub-basins for the stake-
holders.Study area
The studies were part of a research project that was
aimed at developing alternative management options to
improve the water quality of the Havel River. The study
area was the Havel River Catchment (without the Spree
River; Fig. 1). The Havel River is one of the largest
tributary streams of the Elbe River and is thus a typical
lowland stream, characterised by a minor slope (not
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wetlands and a close hydraulic interconnection between
ground- and surface water in many areas. These
connections between the areas of the watershed and
the water bodies largely determine the pollution paths of
nutrients. Irrespective of frequent and wide-spread
water loggings in the lowlands in spring, there are
stagnation periods in which discharge and ﬂow velocity
are considerably decreased in different areas of the
Havel River during summer dry periods. Along with this
comes an overall reduction of available groundwater
resources due to a decreasing trend of the annual
average river discharges over the last 30 years. One
consequence of this water quantity problem is an
inferior water quality which may lead to problems for
the implementation of the targets set by the WFD. Since
some parts of the catchment have a comparably low
rainwater resource available and show a negative
climatic water balance, an increase of water retention
in the landscape is to be aimed at for achieving both the
WFD objectives and a balance of regional water
resources (Projektgruppe Landschaftswasserhaushalt,
2003).Methodological approach
Scale-driven approach
These complex interactions require a research ap-
proach that permits a description of the relevant
processes on different spatial scales and that intercon-
nects the results achieved (see also Steinhardt & Volk,
2000). Therefore, the study considered different scales:
small catchments, so-called ‘focus areas’ of less than
200 km2, an ‘intermediate level’ with meso-scale sub-
basins of approximately 2000 km2 and ﬁnally, the large
scale, the entire watershed of the Havel River (without
the Spree River, approximately 24,000 km2). These
scales were related to the different levels that the
WFD refers to: RBMPs that are to be produced for
each river basin district, management plans for sub-
basins that may supplement these RBMPs according to
article 14 (5) of the WFD, and single measures within
the programmes of measures that will have to refer to
the local level.
The three focus areas were selected in order to address
different regionally speciﬁc problems: The ‘Lower Havel Basin’ is one of the most
important breeding areas for water birds in Middle
Europe. Almost the whole area is under nature
protection but nevertheless it is used by farmers. A
great proportion of the area falls under the Habitats
Directive of the EU and there are several designated
special protected areas (SPAs). The focus area of ‘Hammerﬂieß’ is mostly charac-
terised by a comparatively intensive agriculture and
also includes sections of a former military training
area which are now large areas of habitat succession. The focus area ‘Do¨llnitz/Kleiner Rhin’, on the other
hand, is predominantly covered by woodland.
The following details will mainly focus on the sub-
basin ‘Hammerﬂieß’ in order to demonstrate the results
of the land use scenarios and their evaluation by the
stakeholders.Development of land use scenarios
The potential land use changes that can bring about a
decrease in diffuse pollution mostly relate to local site
conditions. The starting point for formulating scenarios
was therefore a designation of spatial patterns based on
so-called ‘landscape-ecological spatial units’. These
units represent characteristic combinations of different
site conditions (soil type, substrate, average levels of
groundwater tables, ﬂood risk) and were derived from
the available soil survey, geological, hydrological and
topographic information. The theoretical background
came from the approach of Haase, Barsch, Hubrich,
Mannsfeld, and Schmidt (1991), which is based on a
hierarchical division of physical landscape units in
heterogeneous, aggregated spatial units. Using this
approach, landscape-ecological units can be derived on
different scales, based on the same information but with
different levels of aggregation. This procedure for a
derivation of space units has the beneﬁt that, in
principle, it is independent of scale, so that for each
scale the most suitable regional physiographic data can
be used. Consequently, on the focus level (small scale),
the high-resolution soil maps (scale 1:25,000) and the
forest site mapping (1:10,000) can be integrated, whereas
the soil survey maps at the scale 1:300,000 were used on
the intermediate level and for the whole watershed. This
common base also makes it possible to scale the
information related to the spatial units in the sub-basins
up to the level of the whole watershed and thus to
picture the resulting land use scenarios at the different
scales.
The description of characteristics associated with the
landscape-ecological spatial units enables a spatial
indication of potential changes to landscape features
that are closely related to the WFD requirements. This
investigates, e.g. groundwater protection, erosion resis-
tance with respect to water and wind (referring to the
signiﬁcant pressures and impacts of human activity on
surface waters which are to be determined for the
implementation of the WFD), and habitat function
including the creation and restoration of wetlands areas
(which in annex VI, part B of the WFD, is listed as a
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tion). By overlapping the values describing the char-
acteristics of the landscape-ecological spatial units of
the modelled changes to landscape function with the
present land use within the area, the ecological effects of
different types and intensities of current land use as well
as the risk of groundwater pollution can be investigated.
When implementing the WFD it should be considered
whether all legal requirements regarding the prevention
of groundwater pollution and for reducing diffuse
pollution are currently being met. Furthermore, RBMPs
must take into account the planning requirements
of a range of experts in different disciplines and must
identify potential conﬂicts with other spatial require-
ments (such as agriculture, forestry, nature conservation
or settlement). For this purpose the targets and
environmental quality standards of a broad range of
relevant expert groups as well as the measures related to
them were identiﬁed for the investigation areas (e.g.
from regional plans, nature reserve regulations, the data
sheets for the indication of Natura 2000-areas, land-
scape framework plans and agricultural plans) and were
related to the respective landscape-ecological units.
Simultaneously, potential conﬂicts that could be shown
in the scenarios were identiﬁed between the spatial
requirements of water management, nature conservation
and agriculture.
To develop the land use scenarios from the resulting
range of measures, each landscape-ecological spatial
unit was allocated an appropriate set of measures,
ensuring that the measures were suitable for the
particular physical characteristics of the landscape-
ecological spatial unit and that the measures were
suitable for parameterisation for use in hydrological
models to investigate the effects on water quality. The
socio-economic characteristics of the region are a
signiﬁcant factor in determining any potential land use
changes, so measures also take into account existing
agricultural policies and incentives as far as possible.
The individual options for action were compiled into
alternative action strategies. Table 1 indicates these
action strategies for each measure, which forms the basis
of the scenarios. The scenarios thus incorporate a range
of measures for optimising water quality. Each scenario
represents a different degree of change from the current
land use, so some measures require a more extreme
departure from current practices than others. This
stepped approach allows us to understand the extent
of the changes that will be required to see an
improvement in water quality. The following scenarios
were distinguished: ‘Business as usual’ (Scenario ‘U’): According to the
existing political conditions, the land use continues as
before. However, the various external development
trends that inﬂuence the land use, but are indepen-dent from the WFD, (e.g. settlement area develop-
ment, setting-aside of arable land) are also to be
considered. ‘Good practice’ (Scenario ‘G’): This strategy aims at
the full implementation of all legal requirements
pertaining to land use. This includes agricultural and
forestry management in line with the Federal Nature
Conservation Act, the so-called ‘‘Good Practice’’, as
well as a land use completely in accordance with the
targets of the protected areas (e.g. nature reserves,
Natura 2000-areas). ‘Maximum contribution by land use and nature
conservation’ (Scenario ‘M’): All relevant environ-
mental quality standards (e.g. for erosion-, low bog-,
groundwater-, species and habitat preservation) are
to be implemented over the entire area, without
considering realisation potential or acceptance. This
also includes those standards and expert recommen-
dations which are not statutory. From the standpoint
of nature conservation expertise, this scenario con-
stitutes a coordinated and optimised land use. ‘Best possible water quality’ (Scenario ‘B’): This
strategy exceeds the expert requirements and de-
scribes all options for the best improvement of the
water quality that can be achieved. This develops an
input for the modelling and also identiﬁes the
conﬂicts of the objectives of the different interest
groups as well as within the ﬁeld of resource
protection (e.g. between waters protection and
species/habitat preservation).
These key classiﬁcations of action strategies describe
the primary scenarios; however, each primary scenario
can be further divided into several secondary alter-
natives.
Beyond the alternative action strategies, which
achieve a targeted improvement of waters by changing
land use management practices, external inﬂuences on
the land use, with no connection to river basin
management and the objectives of WFD, play an
important role in determining the overall land use
development. They were taken on board as additional
‘frame conditions’ for the scenarios. The scope and the
spatial assignment criteria for such external develop-
ment trends were derived from trend analyses and future
prognoses and, if required, a scaling-up or scaling-down
was performed to the year 2000, which was when the
WFD came into effect. The following aspects were
considered: The future development of settlement areas (see also
BBR, 2003; Dosch & Beckmann, 1999) and thus of
the sealing of soil surface: The area selected for the
scenarios was taken from the digital regional plan-
ning register for Berlin–Brandenburg that includes
the different areas delineated for new development.
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Table 1. Options for actions associated with land use for building up the different scenarios
Options for action Action strategy
‘Good practice’ (G) ‘Maximum contribution by
land use and nature
conservation’ (M)
‘Best possible water quality’
(B)
Cessation of usage due to
high dewatering or possibly
landscape conservation.
On well preserved low bogs
with low groundwater levels.
On deep as well as on well
preserved low bogs with low
groundwater depths.
On low bogs and alluvial
plains.
Extensiﬁcation of grassland
without fertilisation (+high
dewatering).
On deep low bogs in the
recent alluvial plain.
On deep low bog and
alluvial plain substrates in
ﬂood plains.
On groundwater-controlled,
mineral, and anmoor sites in
ﬂoodplains and in ﬂood risk
areas.
Extensiﬁcation of grassland
without chemical-synthetic
fertilisation (+high
dewatering).
On deep low bogs outside
the recent alluvial plain.
On low bog and alluvial
plain substrates outside the
ﬂood plains.
On groundwater-controlled,
mineral, and anmoor sites
outside ﬂood plains and in
ﬂood risk areas.
Extensiﬁcation of grassland
without fertilisation.
In the recent alluvial plain. In ﬂood plains. In ﬂood plains and in ﬂood
risk areas.
Extensiﬁcation of grassland
without chemical-synthetic
fertilisation.
— Inside protected areas: On
groundwater-inﬂuenced and
groundwater-controlled,
mineral and anmoor sites.
Inside protected areas: On
groundwater-inﬂuenced
sites.
Permanent setting-aside of
arable land.
In the recent alluvial plain. In ﬂood plains. In ﬂood plains and in ﬂood
risk areas.
Change of arable land into
grassland.
On low bogs. Outside protected areas: On
anmoor sites and ﬂood-
endangered areas.
Inside protected areas: On
groundwater-inﬂuenced,
mineral sites.
Intermediate crop growing. On areas with high erosion
and groundwater risk.
On areas with high erosion
and groundwater risk.
On areas with high erosion
and groundwater risk.
Provision of edge strips at
waters.
— 20m with cessation of land
use and planting of trees and
bushes.
50m with cessation of land
use and planting of trees and
bushes.
Woodland modiﬁcation. — Areas speciﬁed in forest
framework design.
All coniferous woodland
inventories, not appropriate
to the site.
Frame conditions (external
development trends,
independent of WFD).
Setting-aside of 33% of arable land.
Settlement and trafﬁc area development according to the information of the digital regional
planning register Berlin–Brandenburg.
Woodland development on the former military training areas and afforestation of marginal soils
according to the forest framework design.
B. Jessel, J. Jacobs / Limnologica 35 (2005) 220–233224 The forest development and future afforestation: The
relevant information was taken from the forestry
plans in Brandenburg which map potential afforesta-
tion areas as well as targets for the alteration of the
prevailing coniferous forests into deciduous forests.
Furthermore, the uninﬂuenced reforestation on thenumerous military training areas, abandoned after
the German Uniﬁcation, was to be considered. The setting-aside of arable land: Due to the unfavour-
able agricultural conditions in Brandenburg, a
signiﬁcant upward trend of set-aside is forecast for
the region. Therefore, it is to be expected that the
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Fig. 2. Integration of different data for mapping the land use scenarios.
B. Jessel, J. Jacobs / Limnologica 35 (2005) 220–233 22533% of the area, as the maximum proportion
speciﬁed by the EU, will be arable set-aside by the
year 2015 (i.e. eligible for premium). Primarily, this
affects marginal soils highly inﬂuenced by inﬁltration
water.
The land use scenarios were composed of a combina-
tion of the alternative action strategies, with the
speciﬁed external frame conditions and were visualised
using GIS. Beyond the present land use, information
about the physical conditions (landscape-ecological
spatial units), the ﬂood risk, and the location with
respect to protected areas (e.g. restrictions of land use
within nature reserves) were considered for the spatial
assignment of the land use modiﬁcations (see Fig. 2).
The comparison of the present land use with the land
use scenario enabled the extent of the land use changes
to be assessed (see Fig. 3).
The land use scenarios were required as an input
for the hydrological modelling in the project, in
order to represent resulting modiﬁcations to the catch-
ment rainfall-runoff characteristics. Evapotranspiration,
overland ﬂow and inﬁltration that depend on the type of
vegetation cover have a great inﬂuence on groundwater
recharge and inﬂows to the surface waters. Type and
intensity of the land use (e.g. crop rotation, fertilisation
and moving regimes) determine the extent and seasonal
variation of the removal of nutrients in the soil. The
information from the land use scenarios was used in the
soil and water integrated model (SWIM; Krysanowa,
Wechsung, Arnold, Srinivasan, & Williams, 2000) to
trace the paths of the nutrients nitrate and phosphorus,
from the soil via the groundwater to the outfalls, inorder to establish a relationship between the nutrient
pollution of the waters and the objectives of the WFD.
The resulting land use maps, provided in ArcView
shapeﬁle format, were converted into a suitable format
for input into the hydrological modelling. For the socio-
economical analysis of the scenarios (including factors
such as the ﬁnancial loss to farmers), it was important to
determine the areas of the individual options for action.
For this purpose the GIS was used to determine the total
area of each of the separate land use types, measured in
hectares.
Involvement of relevant stakeholder groups
In the ﬁeld of catchment management, different types
of participation can be distinguished: within a corporate
type of interaction, involvement in the decision-making
process can be implemented by representation of groups
of stakeholders. Within the so-called pluralist type of
interaction the opinion of unorganised parties can be
canvassed by means of interviews, polls or referendums
(Van Ast & Boot, 2003). Here a corporate type of
interaction was applied in order to systematically
indicate the differences in values and standard systems
of different stakeholder groups.
The stakeholders were involved in two major steps: In the ﬁrst step, by interviewing the relevant
stakeholder groups in the three sub-basins, the key
problems within these focus areas were determined in
order to include this information in the design of the
scenarios. In the second poll procedure, the visualised land use
scenarios were subjected to an evaluation by the
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Fig. 3. Resulting land use scenarios in the focus area of ‘Hammerﬂieß’: Maps picturing the respective land use and tables with the
resulting distribution of different types of land use.
B. Jessel, J. Jacobs / Limnologica 35 (2005) 220–233226
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logical modelling and the socio-economic analysis.
The relevant stakeholder groups that were involved in
the survey were farmers, representatives of the forestry
division, nature conservationists, water resource man-
agers, ﬁsheries and local authorities. As a ﬁrst step in
this process a regional conference was arranged in each
focus area. These conferences were meetings where the
stakeholders were invited and were also open to
everyone beyond the identiﬁed stakeholders who wished
to attend. The conferences served to increase awareness
about the project, gather information from stakeholders
and the public, to inform people about the project and
to establish contacts for helping with the project and for
management of the catchment beyond the life of the
project. Structured interview guidance was developed
that included aspects such as an appraisal of the
qualitative and quantitative availability of water re-
sources within each focus area given from the different
stakeholder’s perspectives. Furthermore, the stake-
holders were asked about their own proposals for
improving the situation, about their respective attitudes
towards possibilities of communication and cooperation
among each other and about their level of awareness of
the WFD. The users of land and water were furthermore
asked to denote and mark on a map those areas in which
there were problems with the water from their point of
view, e.g. because there was not enough or too much
water or there were excessive seasonal ﬂuctuations of the
water tables. In this ﬁrst poll, extensive interviews of
approximately one and a half to 2 h were made with 29
stakeholders in the Hammerﬂieß area, 39 stakeholders
in the Lower Havel River area and 28 stakeholders in
the Do¨llnitz/Kleiner Rhin area. In addition to this, the
evaluated interviews were submitted to the stakeholders
for comments, so that they had the opportunity to make
further additions or modiﬁcations. The results from the
interviews were used to get information about char-
acteristic problems in the three areas and to design the
scenarios.
The second survey was carried out on different scales,
addressing stakeholders in the three focus areas and also
those responsible for the whole river basin. The selected
approach, based on landscape-ecological spatial units,
allowed for a compilation (‘upscaling’) of the informa-
tion to larger units to characterise the entire river
catchment. In addition to the stakeholders included in
the ﬁrst enquiry relating to the three river catchment
areas, a further total of 18 organisations, associations,
planning associations and local authorities, concerned
with regional issues for the federal state of Brandenburg
(which holds the most part of the catchment area), were
asked to evaluate the land use scenarios as well as the
ways in which these were represented and modelled and
the resulting impacts for the entire river catchment. Thestructured interviews now included questions about the
scenarios themselves, if they were understood, regarding
the degree of concern with each scenario, which positive
and negative aspects were attributed to them and under
which conditions one would agree to the implementa-
tion either of each scenario or to the several types of
actions attributed to them.
Common derivation of a modiﬁed scenario
The aim of the whole process was to create a ﬁnal
scenario called ‘‘Optimised water quality management’’
that should try to bring the requirements of WFD into
agreement with socio-cultural aspects like the require-
ments of land use and nature conservation and also to
identify those ﬁelds where conﬂicts remain and further
solutions (like ﬁnancial compensation) have to be
developed. The ﬁfth primary scenario to be developed
was determined by a multi-dimensional evaluation
according to the following three criteria: Effect, i.e. considering the nitrogen and phosphate
pollution determined by the SWIM model and the
contribution of the scenario for the reduction of
diffuse pollution. Costs, i.e. resulting monetary losses and compensa-
tion potential under the present agricultural policy. Acceptance, i.e. including the stakeholder evaluation
of the scenario and ideas for individual measures.Results
Results of the ﬁrst enquiry of the stakeholders
The results of the ﬁrst enquiry enabled the compila-
tion and systematisation of the key problems of each
focus area, and to deﬁne stakeholder conﬂicts and
common requirements (see Table 2). For instance, in
some areas it proved that there was great agreement
among the stakeholders on the necessity of water
retention, but rather different opinions of how to
manage this in detail: So, because of the distinct water deﬁcit in the
Hammerﬂieß area, all stakeholders stipulated the
water shortage as one of the major problems.
However, there are different opinions and consider-
able conﬂict potential regarding the methods of water
retention and the quantities that should be stored. A key problem in the Lower Havel area is the
extensive seasonal ﬂuctuations of the water table,
which leads to high nutrient concentrations in
summer, whereas in spring the high groundwater
tables constitute a problem for agricultural land use.
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Table 2. Comparison of the key problems and conﬂicts in the focus areas
Focus area Hammerﬂieß Lower Havel Do¨llnitz/Kleiner Rhin
Main land use Grassland and arable land
(specialised agriculture).
Grassland and nature
conservation (numerous
protected areas).
Forest
Condition of the
water bodies
Frequent and long-lasting
drought periods in
summer, high nitrate
concentrations in the
groundwater.
Highly nutrient-polluted waters,
permanent backup regulation,
extensive seasonal ﬂuctuations
of the water table.
Numerous lakes with an overall
good water quality, decreasing
trend of the groundwater and
lake water tables.
Requirement for
action
Considerable increase of
water backup in the
landscape.
Cultivation of the ﬂooding
polders compatible with
ecological demands,
renaturalisation of the Havel
River.
Preservation of the water
quality, rising of the lake water
and groundwater tables.
Conﬂicts Flood storage regulation
with a considerable conﬂict
potential between nature
conservation and
agriculture.
Flood storage regulation and
renaturalisation of the Havel
River with a considerable
conﬂict potential between nature
conservation and agriculture as
well as between nature
conservation and shipping.
Different view points of
agriculture and forest
management relating to the
seasonal dynamics of the water
table, all in all a minor conﬂict
potential, e.g. between the
individual tourist projects and
nature conservation.
‘Least common
denominator’
No status quo:
Replacement of weirs by
bound sills, better
coordination of the weir
operation.
Status quo: Decision of the ﬂood
storage advisory board for
regulation is accepted, provided
compensation payments for
utilisation restrictions are to
remain.
Status quo: No deterioration of
the water quality, rise of the
water tables in the areas rich of
woodland and the lakes.
B. Jessel, J. Jacobs / Limnologica 35 (2005) 220–233228 In the focus area Do¨llnitz/Kleiner Rhin, falling water
tables constitute a danger for the low bogs and
wetland areas that are important for nature con-
servation. Since the area is mainly used for forestry,
the conﬂicts are less pronounced here, however, there
are different opinions in the ﬁelds of agriculture and
forestry regarding the seasonal dynamic of the water
table that should be aimed at. The forest manage-
ment is more interested in seasonally balanced water
tables, whereas the farmers prefer stronger regula-
tion, adapted to the seasonal requirements of their
agricultural uses.
For the RBMPs required by the WFD, which will
have to be prepared for the whole catchment and which
will have to develop a coherent target system for these
catchments, this shows that the problem and action
focuses in the catchments may differ considerably in
small, even adjacent spaces on a local level.Land use scenarios
The land use changes that will be realised as a result of
the measures implemented by the different scenariosmay also be rather different in the respective sub-basins.
As an example, Fig. 3 shows the land use scenarios and
the resulting distribution of the main land use types for
the focus area Hammerﬂieß: In scenario G (‘Good practice’), only minor land use
modiﬁcations can be found in comparison to U
(‘Business as usual’). Over large areas the intermedi-
ate crop growing on erosion and groundwater ﬂood
hazard locations is prevailing. Furthermore, the
productive intensive cultivation of grassland is
reduced in favour of a more extensive cultivation of
grasslands in deep low bog areas. In scenario M (‘Maximum contribution by land use
and nature conservation’), the area of arable land has
decreased by a total of 4%. Also the intensive use of
grassland is decreasing, since a semi-productive
cultivation must be developed for low bog areas.
As a result, compared to scenario G, the area of
grassland under extensive use is duplicated and now
accounts for 8% of the total area. Set-aside areas also
increase in scenario M. These are, above all, low bogs
that are subjected to water logging so that agricultur-
al land use will no longer be possible. These areas are
to be retained for succession or nature conservation.
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by 3%, because the scenario includes plans to plant
trees and bushes in 20m wide strips by the waters’
edge. Due to a forest alteration according to the
requirements of the forest planning framework, the
proportion of deciduous/mixed forest increases to
33%, the coniferous woodland proportion decreasing
accordingly. Finally, in scenario B (‘Best possible water quality’),
in which all options for actions are focused on
achieving best possible water quality, the proportion
of deciduous woodland increases to almost 70%,
since not only is all coniferous woodland to be
changed into deciduous wood, but also a 50m wide
strip at the waters’ edge is to be planted with trees
and bushes to create a ‘buffer zone’. Furthermore, the
afforestation of marginal arable soils is considered as
a frame condition in this scenario. In the central bog
areas of the lowland, the agricultural production is to
be completely abandoned due to extensive re-water-
ing of the bogs. Most of the agricultural area is
extensive grassland.
Because of the high groundwater table and the
proximity to surface waters, the lowlands have an
especially high importance for water protection. Nu-
trients and pollutants from agricultural production
quickly reach the water and have a negative impact on
the ecological condition. It is therefore easy to under-
stand why the options for action and the land use
changes in the scenarios are focused on the lowlands.
The spatial results of the land use scenarios varied
tremendously between each focus area. This is attributed
to the different landscape conditions in the areas.
The proportion of lowlands in the focus areas of
Hammerﬂieß and the Lower Havel is very high; and
for this reason here the land use scenarios more
extensively change the existing land use structure than
in the focus area Do¨llnitz/Kleiner Rhin, in which the
lowlands are small strips along the river corridors.Results of the second enquiry (evaluation of the
scenarios by the stakeholders)
The presentation of the scenarios and the appropri-
ateness of the method as a way of communicating land
use change concepts were predominantly appraised by
the stakeholders as being good to very good. In the total
area, 14 out of 18 interviewed people gave this opinion
(77%). In the focus areas, above all, it was the
representatives from the ﬁelds of agricultural and
forestry management that commonly evaluated the
appropriateness of the scenarios for this reported
application as mediocre to good. One reason for this is
that they would be directly affected by the actions ofthese scenarios. However, different answers came from
the water management and the local authorities, because
they are less concerned by the land use modiﬁcations
themselves then by their consequences. Table 3 shows a
comparison of the evaluation of the scenarios by the
stakeholders in the Hammerﬂieß area and the stake-
holders at a catchment management level, in a ﬁve-step
ordinal scale. This shows differences not only between
the groups of stakeholders, but partially also between
the focus areas and the scale of enquiry:
Water management
In parts, the opinions of the local land and water
authorities regarding the evaluation of the scenarios
differ considerably. The relatively large proportion of
‘n.s. – not speciﬁed’ classiﬁcations can be attributed to
the fact that the reference condition that must be
determined in line with the WFD, and the resulting
environmental objectives were not yet on hand and
therefore the target frame to be achieved were not clear.
Another striking fact is that the extreme scenario B is
partly rejected by the catchment water managers and the
local stakeholders in the ﬁeld of water resource manage-
ment, including the water and soils associations, and
they would rather see the preservation of existing
practices.
Agriculture
On the level of the focus area Hammerﬂieß, there is a
signiﬁcant difference in the acceptance of the scenarios
‘U – business as usual’ and ‘G – good practice’ on the
one hand and ‘M – maximum contribution by land use’
on the other hand; Scenario ‘B – best possible water
quality’ is rejected by all parties. In the opinion of the
farmers, the land use changes, shown in the scenario M,
which includes a loss of arable land and intensive
grassland for the beneﬁt of extensive grassland, will
result in the withdrawal of agriculture from the lowlands
and the cessation of milk and meat production. Never-
theless, there are major differences in the acceptance of
the individual options for action. For example, the
intermediate crop growing on erosion and groundwater
ﬂood or pollution risk sites is generally accepted and
already carried out. Furthermore, for most farmers the
provision of a 10m wide buffer zone at the waters’ edge
is accepted, since they are eligible for compensation if
they cease farming in arable areas of a minimum width
of 10m and with a minimum area of 0.1 ha. However,
wider buffer zones are considered to be a problem,
because the loss in productive arable area would be
great. With the ongoing reform in European agricultural
policy the alteration of arable land into grassland could
become a more desired option for farmers with the
potential for greater compensation allowances in the
future. But there are different opinions concerning
the selection of suitable areas: Whereas from the
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Table 3. Evaluation of the scenarios by the stakeholders for the focus area of ‘Hammerﬂieß’ and for the entire watershed
Group of stakeholders Scenarios Evaluation of the scenarios
Hammerﬂieß focus area Entire watershed
++ + +– – – – n.s. ++ + +– – – – n.s.
Water management U 2 1 3 1 1
G 2 1 3 1 1
M 1 1 1 3 1 1
B 1 1 4 1 1
Agriculture U 6 1 2 1 1 2 1 1 1
G 3 5 2 1 4 1
M 4 6 1 1 1 1 1 1
B 10 1 1 3 1
Forestry U 2 1 1 1
G 2 1 1 1
M 2 1 1 1
B 1 2 1 1
Nature conservation U 1 1 3
G 1 2 1 1
M 1 4
B 1 3 1
Fisheries U 1 1 1
G 1 1 1
M 1 1 1
B 1 2
Local authorities U 2
G 1 1
M 1 1
B 1 1
Planning associations U 1 1
G 2
M 1 1
B 1 1
Evaluation of the scenarios: ++, positive; +, fairly positive;+–, balanced relationship; –, fairly negative; – –, negative; not speciﬁed (n.s.).
Designation of the scenarios: U, business as usual; G, good practice; M, maximum contribution by land use and nature conservation; B, best possible
water quality.
B. Jessel, J. Jacobs / Limnologica 35 (2005) 220–233230agricultural point of view the change in use of low-
producing, low-proﬁt sites would be reasonable, in fact
it should be mostly areas near the high groundwater
table or with a ﬂood risk that are selected in order to
avoid nutrient pollution. Here, a signiﬁcant conﬂict of
interests between agriculture and resource protection
becomes apparent: in many parts of Brandenburg water
shortage is a major crop-limiting factor, and therefore
agriculture is most productive where there is a high
groundwater level.
At the catchment scale, associations and authorities in
the ﬁeld of agriculture with a region-wide extent ofresponsibility were interviewed. Here, it is most striking
that the spectrum of opinions is signiﬁcantly more
heterogeneous than in the sub-basins. Contrary to the
representatives of agriculture in the focus areas, the
majority of agriculture representatives on the level of
the federal state are well aware of the fact that the
present practice (‘business as usual’) is insufﬁcient with
respect to the future requirements.
Forestry management
The evaluation of the individual scenarios by the
forestry management representatives demonstrates
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Fig. 4. Results of modelling nitrogen and phosphorus loads in
the Havel River over a period of 13 years (based on the land
use scenarios and regarding the matter imports assumed for
the whole catchment).
B. Jessel, J. Jacobs / Limnologica 35 (2005) 220–233 231a range of different views. Since some forest sites have
already dried out due to continuously lowering ground-
water tables, the scenarios (M and B) for actions that
provide for a rising groundwater table are likely to be
evaluated as positive.
Nature conservation
The interviewed stakeholders in the ﬁeld of nature
conservation all agreed that the present condition, as
represented in the scenario U – ‘business as usual’, is no
longer justiﬁable. Here, the scenarios M and B are
unambiguously evaluated as positive. However, for both
scenarios there are restrictions for the measures of
afforestation and forest increase, because the stake-
holders are concerned about a signiﬁcant change in the
natural habitat.
Planning associations
The representatives of the two interviewed planning
associations differ in their evaluation of most scenarios.
However, they commonly favour scenario G. For them
it is important to preserve the cultural landscape and to
promote tourism, and furthermore, to safeguard as
many jobs as possible in agriculture.
Evaluation of the scenarios and derivation of a
modiﬁed scenario
The results of the second survey were used to help
determine modiﬁcations to the scenarios concerning, e.g.
the realistic amount of land to be set aside or to be
converted from coniferous into deciduous woodland.
For an evaluation of the effects of actions on water
quality, results from the SWIM model were used. SWIM
was used to model the nitrogen and phosphate
quantities in the Havel River (see also Fig. 4). The
period of 13 years which was taken for the modelling
refers to the period from 2002 (as a baseline for the
scenarios until 2015 (when the objectives of the WFD
have to be achieved) and also allows for taking into
account dynamic phenomenons. As a result the phos-
phate quantities strongly correlate with the proportion
of intensive arable land use area. There will be a
signiﬁcant reduction in the phosphate quantities
due to the setting-aside of arable land in scenario U.
A signiﬁcant decrease in the phosphorus quantities is
also shown in scenario G. The reason for this may be the
inﬂuence of the intermediate crop growing. Extensive
grassland cultivation and landscape conservation mea-
sures in the M-scenario, however, showed only minor
effects on phosphorus loads.
In contrast to this, the nitrogen quantities are
signiﬁcantly reduced only in the M-scenarios. The
results of SWIM showed that for all scenarios, there
are only minor differences in the runoff characteristicsof intensively cultivated arable land and grassland. Only
by extending measures to a much larger area, and using
signiﬁcantly less fertiliser (see scenarios M and B), do
the nitrogen quantities decrease in a noticeable way.
Considering these results in the overall nutrient
pollution of the groundwater and surface waters, it is
to be assumed that nitrogen plays only a minor role in
the catchment area and does not lead to a noticeable
reduction in the water quality. The major problem is the
high levels of phosphate. However, with the application
of a slightly extended scenario G, major improvements
can be achieved.
The derived land use scenario (see ‘Optimal scenario
in Fig. 4) is based on scenario G, modiﬁed with respect
to acceptance, costs and effects. Additionally, the
derived scenario requires land use restrictions in
ﬂoodplains, provision of a 10m wide buffer zone at
the waters’ edge and realisation of the objectives of
designated areas of protection.Discussion
The procedure described for the preparation of
the scenarios is well suited to communicate spatial
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required. The presented methodology incorporates a
multi-disciplinary approach which allows comprehen-
sive and holistic solutions to be developed. It is by
understanding the relationship between land use and
water quality that the method can determine appro-
priate strategies for achieving the WFD aims. The
approach informs the decision-making process and
formulates programmes of measures for implementing
the WFD.
Although modelling often uses extreme scenarios that
are likely to show clear effects on water quality (i.e.
afforestation of the whole watershed), the focus of this
study laid on deriving realistic scenarios, taking into
account the physical geography as well as considering
current trends in land use, the existing legal framework
and objectives (i.e. for nature conservation) speciﬁed in
existing expert plans. But one resulting problem with
such ‘realistic’ assumptions may be a lack of sensitivity
in the hydrological models in representing what the
impacts of the scenarios will be. Thus, scenario B – ‘Best
possible water quality’ aimed at demonstrating the
effects that could occur when all possible measures are
focused on the improvement of water quality; its
evaluation by the stakeholders (see Table 3) helps to
make clear the resulting conﬂicts. Another limitation
was that only the information that could be considered
in the land use scenarios, was that which could be
assigned to the spatial units and, at the same time,
could be converted into quantiﬁed parameters for the
modelling.
The surveys in the focus areas have shown that, above
all, on the local level there are extensive provisos against
the implementation of measures that are required to
meet the targets of the WFD. Points of criticism were
the ‘top-down approach’ on the one hand and the
additional bureaucratic efforts on the other. Lack of
communication between the stakeholders and difﬁcul-
ties in understanding the issues from all different
perspectives leads to considerable coordination pro-
blems for water and land use planning managers.
Presenting potential changes in land use with land use
scenarios and using hydrological modelling to visualise
their consequences for the water quality will help this
process and show possible spatial consequences of the
implementation of the WFD in a comprehensible way.
For involving the stakeholders, it is also important to
take into account their opinions and ideas to modify
scenarios, so that they are based on realistic assump-
tions, and to show these underlying assumptions,
including their deduction, in a transparent way. In the
future, the results can serve as an important basis for
the stakeholders to communicate with each other. The
mapping of the scenarios and their results (from
the modelling and from the stakeholder enquiry) thus
became part of a decision support system (DSS) thatwas developed as a result of the research project
(Lahmer, 2003).
The stakeholder interviews also provide information
for the design of the participation process for the public,
as required by article 14 of the WFD. The environ-
mental objectives of the WFD are to be developed for
each type of abstracted waters at ﬁrst and then they are
to be broken down to the local level for the realisation of
precise measures. The different evaluation of scenarios
that was demonstrated in the interviews carried out for
this study shows that slightly different communication
strategies need to be applied for stakeholders at each
scale of planning, whether at the catchment level or the
local level. Furthermore, methods are required for
compromising the demands of stakeholders working at
different scales, since even among stakeholders working
in the same ﬁeld, opinions were not always the same for
those representatives of interest groups concerned with
catchment-wide issues as those in the focus areas. In
addition to this, the focus of interviews on development
of details regarding the objectives, measures and
consequences of the WFD must be tailored to different
stakeholders; whereas farmers and forest managers
provided good proposals for land use modiﬁcations,
the local authorities are more interested in the resulting
consequences for the regional economy.Conclusions
This study has developed a complex research
approach that interconnects land use scenarios devel-
oped on different scales with stakeholder involvement
and that furthermore provides information required for
water quality modeling. Although the overarching
framework for implementing the WFD has not been
altered, methods for realising its aims are identiﬁed. The
interviews carried out in the three focus areas show that
a major factor in the problems with water and land use
management is lack of cross-stakeholder communica-
tion and difﬁculties in developing multi-disciplinary
management approaches. Here, a GIS-supported visua-
lisation of potential options for land use planning gives
a comprehensive way to illustrate spatial consequences
that might occur during the implementation of the
WFD and provides a basis for stakeholder engagement
in the decision-making of the implementation process.Acknowledgements
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